Electroless and Electrodeposition of Copper and Nickel


Substrates available in our lab: 

· Steel
· Brass
· Copper
· ABS (Acrylonitrile butadiene styrene) plastic
General working order instructions:
1. All baths are prepared for 50 ml solution.

2. Polish the electrode, rinse and dry.

3. Weight the electrode before plating.

4. Measure the electrode thickness before plating.

5. Perform the electroplating process.

6. Rinse the electrode after each treatment.

7. Dry the coated electrode.

8. Weight the electrode after plating. 

9. Measure the electrode thickness after plating.

10. Perform the below mentioned tests (if needed).
Parameters to be considered in the electroplating processes:

	Tests
	Electroless
	Electrodeposition

	Coating thickness (d), μm 
	+
	+

	Coating weight (A), gr
	+
	+

	Porosity
	+
	+

	Adhesion
	+
	+

	Grain size (optic microscope)
	+
	+

	Quenching
	+
	+

	Coating roughness 
	+
	+

	Amount of precipitate in solution (B), gr
	+
	-

	Stability of solution (C), % 
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	Plot thickness/weight vs. current density/deposition time (4 graphs)


	-
	+


Discuss your results in order to answer your research question (research hypothesis).  

Porosity test procedure:

1. Prepare the porosity bath as described in the procedure.
2. Place double sheet of paper on the table.

3. Place two glass slides on top of the paper.
4. Put filter paper on each slide.

5. Put some of the porosity solution on top of one filter paper with plastic pipette.
6. Place your electrode on the wet filter paper, and then pour some more porosity solution on top of the electrode. 

7. Place the other filter paper on top, make sure it is wet (if not add some more solution).

8. Place the second glass slide on the top and wait 20 minutes.

Experiment  1 - Electroless deposition of Ni

Experiment conditions:

	Bath description

(prepare 50 ml baths)


	Operating parameters
	Composition of the solution
	Concent. of the compounds
	Notes

	
	
	
	g/L
	ml/L
	

	
	
	
	
	
	

	1. Degreasing
	Temp - RT
	Na2CO3
	15
	
	

	
	Time – 5min
	Na3PO4*12H2O
	35
	
	

	
	
	NaOH
	35
	
	

	
	
	
	
	
	

	2. **Etching 
	Temp - RT
	a. H2SO4 conc.
	
	1000
	for steel/ABS electrode

	
	a. Time – 5min
	K2Cr2O7
	50
	
	Decant the solution

	
	b. Time – 1 min
	b. HNO3 1M
	
	
	For copper electrode

	
	c. Time – 5 min
	c. HNO3 1M
	
	
	For brass electrode

	
	
	
	
	
	

	3. *Sensibilization 
	Temp - RT
	SnCl2*2H2O
	25
	
	Dissolve completely in HCl conc. on heating, then add water

	
	Time – 5min
	HCl conc.
	
	200
	

	
	
	
	
	
	

	4. *Activation


	Temp - RT
	PdCl2
	1.5
	
	Dissolve completely in HCl conc. on heating, then add water

	
	Time – 1min
	HCl conc.
	
	20
	

	
	
	
	
	
	

	5. Ni bath
	Temp – 70-90 oC
	NiSO4•6H2O
	16
	
	

	
	Time – 10-30min
	Na3C6H5O7•2H2O
	18
	
	

	
	pH 9-11
	NH2CSNH2
	0.001-0.002
	
	Prepare stock solution, then dilute, for example: 10mg/L then dilute by 10

	
	
	NH4OH
	
	
	Adjust to pH 9-11

	
	
	NaH2PO2•H2O
	17
	
	Add just before plating

	
	
	
	
	
	

	6. Porosity test 
	Temp - RT
	K3Fe(CN)6
	10
	
	

	
	Time – 5min
	NaCl
	20
	
	


*Prepare those baths only if needed.

· Experiment suggestion: comparison between electroless and electrodeposition.

** prepare one of three possible etching baths accordingly to the electrode used.

Experiment 2- Electroless deposition of Cu
Experiment conditions:

	Bath description

(prepare 50 ml baths)


	Operating parameters
	Composition of the solution
	Concent. of the compounds
	Notes

	
	
	
	g/L
	ml/L
	

	1. Degreasing
	Temp - RT
	Na2CO3
	15
	
	

	
	Time – 5min
	Na3PO4*12H2O
	35
	
	

	
	
	NaOH
	35
	
	

	
	
	
	
	
	

	2. **Etching 
	Temp - RT
	a. H2SO4 conc.
	
	1000
	for steel/ABS electrode

	
	a. Time – 5min
	K2Cr2O7
	50
	
	Decant the solution

	
	b. Time – 1 min
	b. HNO3 1M
	
	
	For copper electrode

	
	c. Time – 5 min
	c. HNO3 1M
	
	
	For brass electrode

	
	
	
	
	
	

	3*.Sensibilization 
	Temp - RT
	SnCl2•2H2O
	25
	
	Dissolve completely in HCl conc. on heating, then add water

	
	Time – 5min
	HCl conc.
	
	200
	

	
	
	
	
	
	

	4*. Activation


	Temp - RT
	PdCl2
	1.5
	
	Dissolve completely in HCl conc. on heating, then add water

	
	Time – 1min
	HCl conc.
	
	20
	

	
	
	
	
	
	

	5a. Cu bath
	Temp - RT
	CuSO4•5H2O
	35
	
	

	Option A
	Time – 5-30min
	KNaC4H4O6•4H2O
	150
	
	

	
	pH 11-13
	Na2CO3
	35
	
	

	
	
	NaOH
	
	
	Prepare 3-6M solution, adjust to pH 11-13

	
	
	HCOH (35%)
	
	20
	Add just before plating

	
	
	
	
	
	

	5b. Cu bath
	Temp - RT
	CuSO4•5H2O
	35
	
	

	Option B
	Time – 5-30min
	Na2(EDTA)•2H2O
	60
	
	

	
	pH 11-13
	NaOH
	
	
	Prepare 3-6M solution, adjust to pH 11-13

	
	
	HCOH (35%)
	
	20
	Add just before plating

	
	
	
	
	
	

	6. Porosity test 
	Temp - RT
	K3Fe(CN)6
	10
	
	

	
	Time – 20min
	NaCl
	20
	
	


*Prepare those baths only if needed.
** prepare one of three possible etching baths accordingly to the electrode used.

· Experiment suggestion: comparison between electroless and electrodeposition.

Experiment 3- Electrodeposition of Ni 

Experiment conditions:

	Bath description

(prepare 50 ml baths)


	Operating parameters
	Composition of the solution
	Concent. of the compounds
	Notes

	
	
	
	g/L
	ml/L
	

	1. Degreasing
	Temp - RT
	Na2CO3
	15
	
	

	
	Time – 5min
	Na3PO4*12H2O
	35
	
	

	
	
	NaOH
	35
	
	

	
	
	
	
	
	

	2. **Etching 
	Temp - RT
	a. H2SO4 conc.
	
	1000
	for steel electrode

	
	a. Time – 5min
	K2Cr2O7
	50
	
	Decant the solution

	
	b. Time – 1 min
	b. HNO3 1M
	
	
	For copper electrode

	
	c. Time – 5 min
	c. HNO3 1M
	
	
	For brass electrode

	
	
	
	
	
	

	3. *Sensibilization 
	Temp - RT
	SnCl2*2H2O
	25
	
	Dissolve completely in HCl conc. by heating, then add water

	
	Time – 5min
	HCl conc.
	
	200
	

	
	
	
	
	
	

	4. *Activation


	Temp - RT
	PdCl2
	1.5
	
	Dissolve completely in HCl conc. by heating, then add water

	
	Time – 1min
	HCl conc.
	
	20
	

	
	
	
	
	
	

	5a. Ni bath
	Temp – 70-90 oC
	NiSO4•7H2O
	16
	
	

	Option A
	Time – 10-30min
	NiCl2•6H2O
	3
	
	

	
	pH 9-11
	Na3C6H5O7•2H2O
	18
	
	

	
	Current density - 50-500 A/m2
	NH4OH
	
	
	Adjust to pH 9-11

	
	
	
	
	
	

	5b. Ni bath
	Temp – RT
	NiSO4•7H2O
	80
	
	

	Option B
	Time – 5-30min
	NiCl2•6H2O
	15
	
	

	
	pH 3-5
	H3BO3
	10
	
	

	
	Current density - 50-500 A/m2
	H2SO4
	
	
	Adjust to pH 3-5

	
	
	
	
	
	

	6. Porosity test 
	Temp - RT
	K3Fe(CN)6
	10
	
	

	
	Time – 5min
	NaCl
	20
	
	


*Prepare those baths only if needed.
** prepare one of three possible etching baths accordingly to the electrode used.

· Experiment suggestion: adding 0.0025-0.05gr of copper impurities to Ni bath.

· Experiment suggestion: comparison between electroless and electrodeposition.

Experiment 4- Electrodeposition of Cu 

Experiment conditions:

	Bath description

(prepare 50 ml baths)


	Operating parameters
	Composition of the solution
	Concent. of the compounds
	Notes

	
	
	
	g/L
	ml/L
	

	1. Degreasing
	Temp - RT
	Na2CO3
	15
	
	

	
	Time – 5min
	Na3PO4*12H2O
	35
	
	

	
	
	NaOH
	35
	
	

	
	
	
	
	
	

	2.** Etching
	Temp - RT
	a. H2SO4 conc.
	
	1000
	for steel electrode

	
	a. Time – 5min
	K2Cr2O7
	50
	
	Decant the solution

	
	b. Time – 1 min
	b. HNO3 1M
	
	
	For copper electrode

	
	c. Time – 5 min
	c. HNO3 1M
	
	
	For brass electrode

	
	
	
	
	
	

	3. *Sensibilization 
	Temp - RT
	SnCl2*2H2O
	25
	
	Dissolve completely in HCl conc. by heating, then add water

	
	Time – 5min
	HCl conc.
	
	200
	

	
	
	
	
	
	

	4. *Activation


	Temp - RT
	PdCl2
	1.5
	
	Dissolve completely in HCl conc. by heating, then add water

	
	Time – 1min
	HCl conc.
	
	20
	

	
	
	
	
	
	

	5a. Cu bath
	Temp - RT
	CuSO4•5H2O
	35
	
	

	Option A
	Time – 5-30min
	KNaC4H4O6•4H2O
	150
	
	

	
	pH 11-13
	Na2CO3
	35
	
	

	
	Current density - 50-500 A/m2
	NaOH
	
	
	Prepare 3-6M solution, adjust to pH 11-13

	
	
	
	
	
	

	5b. Cu bath
	Temp - RT
	CuSO4•5H2O
	35
	
	

	Option B
	Time – 5-30min
	Na2(EDTA) •2H2O
	60
	
	

	
	pH 11-13
	NaOH
	
	
	Prepare 3-6M solution, adjust to pH 11-13

	
	Current density - 50-500 A/m2
	
	
	
	

	
	
	
	
	
	

	5c. Cu bath
	Temp - 50 oC
	CuSO4•5H2O
	35
	
	

	Option C
	Time – 5-30min
	NH4NO3
	6
	
	

	
	pH 8-9
	K4P2O7
	110
	
	

	
	Current density - 50-500 A/m2
	NaOH
	
	
	Prepare 3-6M solution, adjust to pH 8-9

	
	
	
	
	
	

	6. Porosity test 
	Temp - RT
	K3Fe(CN)6
	10
	
	

	
	Time – 20min
	NaCl
	20
	
	


*Prepare those baths only if needed.
** prepare one of three possible etching baths accordingly to the electrode used.

· Experiment suggestion: comparison between electroless and electrodeposition.
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